The association between nonsteroidal antiinflammatory drugs (NSAIDs) and prostate cancer risk remains controversial. We examined the risk among NSAID users in 78 615 men in the Finnish Prostate Cancer Screening Trial.
Prostate cancer is the most common malignancy and the second most common cause of cancer death among Western men (Ferlay et al, 2010; Siegel et al, 2011) . Age, AfricanAmerican ethnicity and family history of prostate cancer are the established risk factors (Steinberg et al, 1990; Crawford, 2009) , while other aetiological factors remain debatable. The pathogenesis of prostate cancer involves environmental factors as the risk increases with the adoption of a 'westernised' lifestyle. One such potential environmental factor might be the development of chronic inflammation in the prostate (De Marzo et al, 2007) . Several lines of research have pointed to a role of inflammation in prostatic carcinogenesis and tumour progression (De Nunzio et al, 2011; Sfanos and De Marzo, 2012) . Chronic inflammatory conditions are associated with many neoplasms such as colon, hepatic and bladder carcinoma (Coussens and Werb, 2002) . COX-2 is an inducible enzyme that facilitates inflammation by catalysing the conversion of arachidonic acid to prostaglandins (Hussain et al, 2003) . COX-2 is overexpressed in prostate carcinoma (Gupta et al, 2000) and might have an important role in the proliferation of cancer cells (Yoshimura et al, 2000) . COX-2 overexpression correlates with prostate cancer stage and mortality (Richardsen et al, 2010; Shao et al, 2012) . Nonsteroidal antiinflammatory drugs (NSAIDs), which inhibit the COX-2 pathway, could also reduce prostate cancer risk. NSAIDs might work also through a COX-2-independent pathway suppressing oncogenic b-catenin signalling, inhibiting angiogenesis, promoting tumour cell invasion and inducing apoptosis (Gurpinar et al, 2014) . Aspirin and NSAID use has been associated with a decreased risk of several other cancers such as colorectal, oesophageal, gastric, breast and bladder cancer (Khuder and Mutgi, 2001; Corley et al, 2003; Rostom et al, 2007; Cuzick et al, 2009; Tian et al, 2010; Daugherty et al, 2011) .
The association between NSAID use and prostate cancer risk remains controversial. Epidemiological evidence suggests that prostate cancer risk is reduced by 10% in regular aspirin users (Bosetti et al, 2012; Veitonmäki et al, 2013) . Also other NSAIDs may have a protective association against prostate cancer (Mahmud et al, 2010) . However, a clear relationship between risk reduction and frequency, dose or duration of use has not been shown (Mahmud et al, 2010; Bosetti et al, 2012; Veitonmäki et al, 2013) . In our previous study, we examined the prostate cancer risk for prescription NSAID users in a nationwide population-based case-control study with a large and partly overlapping study population, but without information on screening (Veitonmäki et al, 2013) . Compared with the nonusers, any NSAID use was associated with an elevated overall prostate cancer risk.
In this study, we examined the risk between NSAID and acetaminophen use and prostate cancer incidence in men attending the Finnish Prostate Cancer Screening Trial during 1996-2009.
MATERIALS AND METHODS
The Finnish Prostate Cancer Screening Trial is the largest component of the European Randomized Study of Prostate Cancer Screening (de Koning et al, 2002) . In 1996-1999, all men aged 55, 59, 63 or 67 years and residing in the metropolitan areas of Helsinki and Tampere (a total of 80 484 men) were annually identified from the population register of Finland. After exclusion of prevalent prostate cancer cases, 80 144 men were randomly assigned either for PSA-based screening (31 866 men, the screening arm) or to be followed through national registries (48 278 men, the control arm). Men in the screening arm were recruited with mailed invitations to undergo a prostate-specific antigen (PSA) screening test at four-year intervals until the age of 71 years. Men with serum PSA greater than or equal to 4 ng ml À 1 were referred to a urological clinic for diagnostic examinations, including digital rectal examination (DRE), transrectal ultrasound and prostate biopsy. Men with a PSA level of 3.0-3.9 ng ml À 1 were referred to an additional test, which was DRE during 1996-1998 and since 1999 a free/total PSA (F/T PSA) ratio with a cutoff point of 16%. Men with any of the above findings were considered screenpositive.
The first screening round was carried out during 1996-1999, the second 2000-2003 and the third in 2004-2007 . Men who had emigrated from the study area or were diagnosed with prostate cancer were not re-invited. Information on vital status and emigration was obtained from the Population Register Centre. For information on prevalent prostate cancer cases at randomisation, cases diagnosed in the control arm and between the screening rounds, the study cohort was annually linked to the Finnish Cancer Registry (Kilpeläinen et al, 2013) . Information on cancer incidence, medication use and vital status was available until the end of 2009.
Finnish Cancer Registry is a population-based, nationwide register that collects data through mandatory notifications of all cancer diagnoses made by the Finnish health care units. It covers more than 99% of all cancer cases in Finland (Teppo et al, 1994) . The register information includes the primary site of cancer, histology, date and method of diagnosis. Serum PSA values and tumour Gleason scores were obtained from the trial database.
Information on physician-prescribed antiinflammatory medication purchases during 1995-2009 was obtained from the comprehensive nationwide prescription database of the Social Insurance Institution (SII) of Finland. The SII is a governmental agency operating under the ministry of health and provides reimbursements for the cost of medicines prescribed by a physician with the exception of hospital inpatients. The reimbursement is available for all Finnish residents for each purchase of a physicianprescribed drug that has been approved as reimbursable by the SII. The prescription database records the amount, dose and date for each reimbursed purchase. Most prescription drugs in clinical use in Finland have been approved as reimbursable, thus recorded by the database. Purchases of prescription-free drugs are not recorded (Martikainen and Rajaniemi, 2002) . The prescription NSAIDs available in Finland are shown in Supplementary Table 1. The medication data was available for 78 615 men (98.1% of the screening trial population). The study flow chart is shown in Figure 1 .
To obtain information on over-the-counter usage, the participants of the third screening (years 2004-2007) round were sent a questionnaire on over-the-counter NSAID use with 92.6 % response rate of the screened men. The survey included questions about frequency, dose and duration of over-the-counter usage during this time since 1990 to the present. The survey included questions separately for ibuprofen, dexibuprofen, ketoprofen, aspirin and acetaminophen use.
Information on the comorbidities during hospitalisations in the study population was gained from the Care Registers for Social Welfare and Health Care (HILMO) by the national institutes for Health and Welfare. The registry gathers the information of any hospitalisation in Finnish health care units and information of the diagnoses are registered as ICD-10 codes.
The ethics committee of the Pirkanmaa health care district, Finland reviewed the study protocol (tracking numbers R03209 and R09159).
Statistical analysis. Cox proportional hazards regression was used to estimate hazard ratios (HR) and 95% confidence intervals (CIs) for prostate cancer by medication usage. Nonusers of any NSAIDs (analyses on overall NSAID use) or nonusers of the drug/drug group being analysed (analyses on aspirin, coxibs and acetaminophen) were used as a reference group. Each man in the study population contributed person-time from the date of the randomisation until the date of prostate cancer diagnosis, emigration, death or end of study (31 December2009), whichever came first.
Cox regression model was adjusted for age, family history of prostate cancer, simultaneous use of other medications previously linked with prostate cancer risk (drugs used for benign prostatic hyperplasia, diabetes, hypercholesterolaemia and hypertension) and number of screening rounds attended. All, with the exception of family history, were statistically significant predictors of the outcome and included in the model. Analyses of the full trial cohort (both study arms together) were additionally adjusted for the trial arm. Analyses on aspirin, coxib or acetaminophen users were also adjusted for usage of other NSAIDs. The proportionality assumption was tested for time-independent variables by adding an interaction term of the exposure indicator with follow-up time into the Cox regression model. In each case the interaction term was not statistically significant, thus supporting the assumption.
The time axis was years since randomisation. Age and NSAID use were included in the Cox regression model as time-dependent variables, with status updated annually. Men were considered as NSAID nonusers until the year of first purchase. Years with medication purchases were considered as exposed regardless of the dose (current users). Men who stopped using NSAIDs were categorised separately as previous users. No restrictions on frequency of changes in exposure status were imposed, and the exposure status changed as often as the drug purchases indicated.
Cumulative amount (daily doses), duration (years) and intensity (doses/years of usage) of medication use were analysed as timedependent continuous variables. The defined daily doses (DDDs) recommended by the World Health Organization (WHO ATC/ DDD index database) were used to quantify and standardise the amount of NSAID usage. For each year, the total milligram amount for each drug was calculated based on all purchases reimbursed that year. Yearly usage was divided by the DDD amount. The total cumulative numbers of DDDs and years of usage were obtained by adding together yearly DDDs or years with NSAID purchases from the entire follow-up. The intensity of NSAID use was calculated by dividing the yearly number of DDDs purchased with years of usage (number of DDDs/year). Previous NSAID users retained the level of cumulative usage they had reached before discontinuation.
For analyses of dose-dependence, trend tests were calculated by limiting the analysis to medication users only, and adding the quartiles of amount, duration or intensity of usage into the multivariable-adjusted model as a continuous time-dependent variable.
A total cumulative COX-2 inhibition index by NSAID usage was calculated for each person by multiplying the total amount of each NSAID used with the drug-specific COX-1/COX-2 inhibition ratio (Cryer and Feldman, 1998; Kulkarni et al, 2000) . The analysis was then stratified by cumulative COX-2 inhibition.
To reduce confounding by differing likelihood for NSAID use, we used logistic regression to calculate propensity score estimating each participant's conditional probability (odds ratio) of NSAID usage post randomisation as a function of age, use of other medications previously linked with prostate cancer risk and prerandomisation NSAID usage. Propensity from each variable was used to form total propensity score as described previously (Rosenbaum and Rubin, 1984) . The analysis was then stratified by total propensity score.
To estimate effect modification by usage of medications for other indications, we stratified the analysis by ever use of BPH medication (5a-reductase inhibitors and alpha-blockers), antidiabetic medication (oral drugs and insulins), cholesterol-lowering medication (statins, fibric acid derivatives, ezetimibe and bile acid-binding resins) and antihypertensive medication (diuretics, beta-blockers, calcium-channel blockers and drugs targeting the renin-angiotensin system). Effect modification by underlying comorbidities was evaluated using Charlson comorbidity score index calculated based on comorbidities (obtained either from HILMO or by usage of other medications). Cox regression analyses were performed using IBM SPSS statistics statistical software (version 20, Chicago, IL, USA). Adjusted means for PSA values were estimated using STATA version 12 (StataCorp LP, College Station, TX, USA).
RESULTS
Population characteristics. The median age at entry was 59 years (range 55-67 years) for both NSAID users and nonusers (Table 1) . The prevalence of ever use of prescription NSAIDs during followup was 77.7 % in the screening arm and 74.7% in the control arm, whereas the prevalence was 7.3% and 7.1% for aspirin use and 35.7% and 35.4%, respectively for NSAID usage before randomisation. The self-reported prevalence of over-the-counter use after 1990s was 70.3% for NSAIDs and 48.5% for aspirin.
Overall, the tumour characteristics did not differ by NSAID usage (Table 1) . Ever users of prescription NSAIDs had more often used drugs for other indications in both screening trial arms. The proportions of screen-positive men were greater for NSAID users vs nonusers in all screening rounds (Supplementary Table 2 ).
Overall prostate cancer risk. When compared with NSAID nonusers, the overall prostate cancer risk was elevated among current NSAID prescription users (HR ¼ 1.45, 95% CI ¼ 1.33-1.59 and HR ¼ 1.32, 95% CI ¼ 1.10-1.59 in the screening and the control arm, respectively). Previous use or over-the-counter use was not associated with prostate cancer risk. A similar risk association was observed also for acetaminophen, but not for aspirin. Both current and previous coxib use was associated with elevated prostate cancer risk (Tables 2a and b) .
Prostate cancer risk by tumour stage and grade. Current, but not previous use of prescription NSAIDs, coxibs and acetaminophen associated with an elevated risk of metastatic prostate cancer in both trial arms (Tables 2a and b) . Again, aspirin use was not significantly associated with metastatic prostate cancer risk, with the exception of elevated risk among prescription users in the control arm.
The increased prostate cancer risk associated with overall NSAID, coxib and acetaminophen use was not modified by tumour grade; the risk elevation with current NSAID use was similar for low-grade (Gleason 6 or less) and high-grade (Gleason 7-10) tumours in both arms of the screening trial (Tables 2a and b ).
Prostate cancer risk by cumulative dose, duration and intensity of usage. Both the overall prostate cancer risk and the risk of metastatic disease were elevated in all quartiles of amount or duration of prescription NSAID and coxib use showing no obvious exposure-effect gradient (Table 3) . Intensity of NSAID and coxib use was directly correlated with risk of metastatic prostate cancer after adjustment for the use of other drugs.
The association between aspirin prescription-use and prostate cancer remained statistically nonsignificant in all strata (Table 3) .
Sensitivity analyses. The association between NSAID use and prostate cancer risk was not modified by cumulative COX-2 inhibition; the risk was elevated in each quartile of the cumulative COX-2 inhibition, both overall and metastatic disease (Supplementary Table 3) .
Stratification by the use of other drug groups or NSAIDs before randomisation, Charlson comorbidity index or propensity for Hazard ratio for Cox regression analysis adjusted for age, use of cholesterol-lowering medication, antihypertensive medication, benign prostatic hyperplasia medication, antidiabetic medication and number of screening rounds attended. NSAID usage after randomisation included as time-dependent variable.
e Self-reported over-the-counter NSAID and aspirin use among the participants of the third screening round. NSAID use did not modify the risk association with prostate cancer; current NSAID users had elevated prostate cancer risk, especially for metastatic disease whereas the risk in aspirin users did not differ from nonusers (Table 4 ).
DISCUSSION
Our study showed an increased HR for prostate cancer among the current prescription users of NSAIDs, coxibs and acetaminophen, but not in men who had been able to discontinue usage, the previous users. Over-the-counter NSAID usage was not associated with prostate cancer risk, either. Unlike other NSAIDs, aspirin use whether by prescription or over-the-counter was not associated with prostate cancer risk.
Previous results on risk of prostate cancer and other cancer types among NSAID users have been conflicting; whereas some studies have shown an inverse association (Mahmud et al, 2010) , also null associations (Leitzmann et al, 2002; Brasky et al, 2010) and increased risks have been reported in both case-control and population-based settings. (Langman et al, 2000; Sørensen et al, 2003; Murad et al, 2011) . In our previous study (Veitonmäki et al, 2013) in a nationwide population-based setting, we found an elevated risk for prostate cancer in prescription NSAID users. A large case-control study (within the ProtecT trial) reported that prescription NSAID use was associated with prostate cancer (Murad et al, 2011) , with weaker positive associations for aspirin and acetaminophen. In another case-control study increased risks of pancreatic cancer and prostatic cancer among current prescription NSAID users was observed, but a dose response was found only for pancreatic cancer (Langman et al, 2000) . An increased risk for cancers of the prostate, kidney and for multiple myeloma was reported among prescription non-aspirin NSAID users in a population-based study (Sørensen et al, 2003) . Some studies have reported NSAID use to associate to an increased risk for several other cancers (Cho et al, 2011; Ross et al, 2011; Vinogradova et al, 2011; Walter et al, 2011) . Our findings could help explain some of the previous discrepancy in results, as the association between NSAID use and prostate cancer differed between prescription and over-the-counter use, and most previous studies have used either surveys or prescription databases and have not been able to address this difference. Future epidemiological studies on NSAIDs and prostate cancer risk should consider the two separately.
Our findings do not support a causal association between NSAID use and prostate cancer as the risk elevation was observed only for ongoing prescription use, was strongest for metastatic disease and did not differ by amount or duration of usage. This demonstrates that men starting use of prescription-NSAIDs are at higher risk of prostate cancer, especially metastatic disease already when commencing the use. A comparable risk elevation was observed also for acetaminophen use, with largely similar indications for usage, but a different mechanism of action. Thus the risk elevation is most likely caused by protopathic bias due to treatment of symptoms of undiagnosed prostate cancer, presumably mainly pain due to metastases. This is supported by greatest risk elevation for metastatic cancer being observed with short-term and high-intensity use. Nevertheless, a modest risk elevation by current NSAID and coxib use was observed also for localised and low-grade prostate cancer. This was evident in both study arms of the screening trial, thus not likely explained by more active screening among NSAID users. Again the risk elevation was not dose-dependent suggesting that the indications for NSAID usage are behind this association too.
Common indications for NSAIDs include acute minor infections and chronic inflammatory conditions. It is possible that the systemic inflammation involved in these conditions is involved in Hazard ratio for Cox regression analysis adjusted for age, use of cholesterol-lowering medication, antihypertensive medication, benign prostatic hyperplasia medication and antidiabetic medication. NSAID usage after randomisation included as time-dependent variable.
prostate carcinogenesis and prostate cancer progression. Prostatitis might be involved in the complex and multifactorial process of prostate carcinogenesis (MacLennan et al, 2006; Wagenlehner et al, 2007; Sfanos and De Marzo, 2012) . Chronic prostatic inflammation may have a role in the development and progression of chronic prostatic disease, such as BPH and prostate carcinoma (De Nunzio et al, 2011) . The role of inflammation in prostate cancer can possibly be explained through the cytokine pathway. Interleukin-6 (IL-6) is cytokine that is involved in numerous inflammatory processes (Hirano, 1992) and multiple lines of evidence point to a contributory role in prostate cancer initiation and progression (Twillie et al, 1995; Hobisch et al, 2000; Smith et al, 2001 ). IL-6 induces the expression of the serine peptidase inhibitor Kazal type 1 (SPINK1) that is overexpressed in prostate cancer (Stenman, 2011) and has been linked to a poorer outcome (Tomlins et al, 2008) . Another possible biochemical explanation could be the nonsteroidal antiinflammatory drug (NSAID) activated gene-1. NAG-1 has a complex but poorly understood role in several human diseases including cancer. Laboratory studies suggest an antitumorigenic activity of NAG-1 that induces growth arrest or apoptosis, whereas clinical studies demonstrate that NAG-1 expression is upregulated in human prostate cancers, which may also correlate with tumour grade and progression. NAG-1 may have an antitumorigenic role at the early stages of carcinogenesis, but a pro-tumorigenic one during cancer progression (Wang et al, 2013) . Chronic inflammation and several systematic rheumatic diseases might also be risk factors for malignancy (Coussens and Werb, 2002; Turesson and Matteson, 2013) , though the findings regarding prostate cancer are conflicting. In contrast to other types of NSAIDs, aspirin use was not associated with increased prostate cancer risk. Unlike other NSAIDs, prescription aspirin is mainly used for prevention of cardiovascular and cerebrovascular disorders, and less often as analgetic. The prescription aspirin use in our study population was mostly in combination with dipyridamole for secondary prevention of stroke or transient ischaemic attack (The European Stroke Association (ESO) Executive Committee and the ESO Writing Committee, 2008) . Another common indication for aspirin use is cardiovascular disease prevention, for which it is used mainly overthe-counter. These users are more likely to be health-conscious men using small-dose aspirin for preventive reasons, combining aspirin use with healthier lifestyle in general compared with Quartiles for duration of NSAID use before diagnosis: overall NSAID use 1 year (1st quartile), over 1 to 3 years (2nd quartile), over 3 to 5 years (3rd quartile) and over 5 years (4th quartile). Use of aspirin before diagnosis 1 year (1st quartile), 2 years (2nd quartile), 3 years (3rd quartile), 4 or over years (4th quartile). Use of coxibs: 1 year and 2 years or longer. Due to low number of long-term coxib users, duration of coxib use divided into two categories, cut-point set at the median. The strength of our study is detailed and objective information on prescription NSAID purchases from the SII prescription database. In addition, we had self-reported information on overthe-counter NSAID usage, although for a shorter period for participants of the third screening round. Thus the results on prescription and over-the-counter usage may not be directly comparable. We had the comprehensive population-based data from the Finnish Cancer registry and the Finnish prostate screening trial with detailed information on prostate cancer grade and stage, and were able to evaluate prostate cancer risk among NSAID users in a setting of systematic screening, which reduces surveillance bias. Further, we could assess the impact of comorbidities and usage of other medication on the results. Thus we were able to minimise the possibility for information and misclassification bias.
Age, ethnic origin and hereditary factors are well-known risk factors for prostate cancer (Steinberg et al, 1990; Crawford, 2009 ). More than 98% of our study population is of Finnish ancestry (Statistics Finland) and the potential for confounding by ethnicity was minimal. Adjusting the analysis for family history did not change our results. We did not have the information on possible lifestyle risk factors such as dietary aspects, alcohol and tobacco consumption or physical activity. This could have caused confounding in either direction, depending on their association with prostate cancer risk. However, their role as prostate cancer risk factors is unclear (Patel and Klein, 2009) .
The main limitation of our analysis is missing information on indications of NSAID use, making it difficult to analyse the reasons behind NSAID use. Our study shows that conditions requiring NSAID prescription use may affect prostate cancer risk. Future studies should address the indications for NSAID usage.
The prescription database gives detailed and objective exposure information eliminating recall bias. However, the analysis is based on the assumption that the amount of NSAIDs dispensed is a good approximation of the actual consumption. This may be not be true for NSAIDS that are often prescribed to be taken as needed and prescribed drugs may be used only partially or not at all. This might have caused exposure misclassification creating bias towards the null. However, it does not limit our inference of increased prostate cancer risk.
In conclusion, our study showed an elevated risk of prostate cancer in current NSAID prescription users, but not in previous or over-the-counter users. The result is likely to be mostly due to protopathic bias as NSAIDS are used to treat symptoms of undiagnosed metastatic prostate cancer. However, also risk of localised prostate cancer was elevated with current prescription use without dose-dependence, suggesting that conditions indicating such usage could be a prostate cancer risk factor. We found no protecting association for aspirin or NSAID use for prostate cancer. Future studies on NSAIDs and prostate cancer should separate over-the-counter or physician-prescribed use and consider indications for usage to reduce the discrepancy between studies.
